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ABSTRACT

The objective of the Demonstration of Portfolio Risk Assessment (PRA) is to provide
U.S. Army Corps of Engineers (USACE) staff with exposure to applying portfolio
risk assessment techniques to dam safety assessment and prioritization decision-
making. The lessons learned and experience gained during this PRA will be utilized
to formulate future USACE policy for the use of risk assessment in the USACE Dam
Safety Assurance (DSA) Program. The results will be used to direct future research
efforts to expand and extend the existing risk assessment tools and procedures.
Valuable insights will be derived in regard to the nature and significance of dam
safety issues at the dams and the analysis can provide a possible basis for justifying
and prioritizing dam safety investigations. The risk assessment process is not
intended to make or prescribe dam safety decisions. These decisions will be made by
the USACE. However, with the results of a PRA, the USACE is equipped to be in a
better position to make informed decisions, especially for prioritizing further
investigations and risk reduction measures

The demonstration project was based on current PRA practice as applied in the U.S.
and Australia. Typical formats for risk assessment results were used and various risk-
based criteria currently in use by the USBR, BC Hydro and ANCOLD were
implemented on a reference (or comparative) basis for evaluation by the USACE.
The Demonstration PRA was conducted at a "reconnaissance" level of detail. It was
based primarily on available information (e.g. engineering reports, analyses, and
monitoring records), regional estimates of flood and earthquake loading-annual
exceedence probability (AEP) relationships, breach-inundation modeling and
consequences assessment. For certain variables, reasonable assumptions were made,
based on engineering judgment and experience. When the working model is
implemented, additional supporting engineering analyses may be conducted at the
discretion of the USACE to improve and refine those initial assumptions.

An A/E contractor and pertinent USACE team members prepared the report jointly.
The report describes the Demonstration PRA process, and risk assessment inputs,
results, findings and recommendations. Supporting analyses are described in
appendices of the report.



INTRODUCTION

The Portfolio Risk Assessment (PRA) is a tool for dam owners and operators who are
interested in reducing overall risk and liability in a cost effective manner. It is a fluid
process that prioritizes and to a certain extent assists in the identification of potential
construction activities, remedial investigations, studies, and analyses relating to dam
safety. The PRA is a departure from traditional hazard assessments in that risk is
actually quantified and applied with projected costs. The “buy-down” of risk is then
addressed in a systematic fashion in lieu of discussing in abstract and anecdotal
terms. This process provides an excellent basis for communicating potential liability
to non-technical decision makers.

The U.S. Army Corps of Engineers (USACE) has recognized the potential value of
the PRA process and recently funded demonstration studies in three Districts. PRA
studies have been facilitated in Huntington, Fort Worth and Baltimore Districts with
the aid of RAC Engineers and Economists through a contract administered by the
Institute for Water Resources (IWR).

PROCESS

The Huntington District PRA was initiated through Engineering and Construction
Division with support from the Operations and Planning elements. The District team
was assembled from senior staff in the design fields of geotechnical, hydraulic,
structural and mechanical engineering. A strong base of project history and technical
knowledge has proven to be essential. Huntington District has designed and
constructed a substantial portion of its projects within the last 30 years. Therefore,
many members of the PRA team were able to apply first hand knowledge of the
projects within the PRA.

During initial team working sessions, PRA team members identified the following
expectations for the demonstration PRA:

1. A basis for prioritizing and justifying funding requests.

Strengthening recurrent dam safety activities such as emergency action
plans, instrumentation, staff training, etc... through prioritizing and
justifying changes.

3. Demonstrate risk assessment and portfolio risk assessments procedures to
the Huntington District staff and develop uniform procedures that can be
used by other Districts.

4. Facilitate an improved understanding and communication of project
specific dam safety issues amongst District staff.

5. Provide a tool for communicating dam safety risks to stakeholders and
cost sharing partners.

6. Provide a mechanism for capturing dam safety issues in the face of
pending senior staff retirements.



7. Provide a program quality assurance review to identify issues that may
have been overlooked in previous dam safety reviews.

8. A possible retrospective look at the priority and justification for District
dams that are already in the Dam Safety Assurance (DSA) Program.

These objectives may vary from what a private dam owner, other Corps District or
agency might consider. It was, and still is, the intent of Huntington District to gain as
much from the PRA as possible.

Our experience has shown that the most important factor in conducting the PRA is
keeping perspective. The study was conducted at the reconnaissance level with
existing data and a heavy emphasis on professional judgment. As more refined data
becomes available, the model can be updated yielding reliable output. Answers will
change over time, so one can deduce that there is no absolute answer.

The PRA process that was implemented for the Huntington District comprises the
following major parts, which are depicted in Figure 1:

Identification of decision framework

Engineering assessments

Risk assessment

Prioritization of remediation alternatives (risk reduction measures) and
investigations.

P

Decision Framework

Understanding the decision framework is important for identifying PRA outcome
“targets” that will provide benefits to a dam safety program and related “business”
processes and other stakeholders. It is important that the targeting process and
outcomes are designed to meet the owner’s and other stakeholders’ information needs
at the onset of the PRA process. In addition, it is important that the PRA process is
adapted to meet the specific information needs associated with each portfolio of dams
rather than develop a standard set of outcomes.

The following documents are important for defining the decision framework for the
USACE DSA Program:

1. ER 1110-2-1156 Dam Safety: Organization, Responsibilities, and
Activities: This regulation prescribes the policy, organization,
responsibilities, and procedures for implementation of dam safety
activities within the USACE.

2. ER 111-2-1155 Dam Safety Assurance Program: This regulation provides
guidance and procedures for investigation justification of modifications
for dam safety assurance at completed USACE projects.

3. ER 1130-2-417 Major Rehabilitation Program and Dam Safety Assurance
Program
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Figure 1. Portfolio Risk Assessment Process and Outcomes



In general, the Districts are responsible for preparing dam safety reports that are
submitted to Headquarters in support of requests for DSA funding. Once approved,
DSA funds cover design and planning of alternative solutions, but investigations in
support of the preparation of these reports must come from Operation and
Maintenance (O&M) funds controlled by the Districts. Large capital fixes that
cannot be qualified under the DSA Program may be submitted under the Major
Rehabilitation Program. Smaller capital fixes must be funded from the District’s
O&M funds. Thus, it is important to distinguish the funding source for fixes at
USACE dams.

Engineering Assessments

The Huntington District’s 35 high hazard dams were all considered in the engineering
assessment tasks. These dams are listed in Table 1 with some general attributes, such
as location, dam type and spillway type. The PRA dams are generally located within
river basins that connect to the Ohio River. The major drainage systems are located
to include the Muskingum, Hocking, and Scioto River systems in Ohio; The Big
Sandy in Kentucky and along the West Virginia-Kentucky border; and the New and
Kanawha, the Little Kanawha and Twelve Pole systems of West Virginia. The
potential impacts of dam failure investigated in the study are thus located in the
floodplains of these streams in Ohio, Kentucky, and West Virginia, although two of
the impoundments are located in the higher elevations of Virginia just over the
southeast border of Kentucky.

Engineering assessments indicate whether portfolio dams are expected to meet
current USACE engineering practice, including documented standards and good
USACE practice. They serve to initially identify potential remedial alternatives that
will be evaluated using risk assessment and investigations that are needed to achieve
adequate confidence in the onset assessments. A rating system was utilized as a
means for summarizing the results of the engineering assessments and
communicating them to decision makers. Ratings were assigned to the 35
Huntington District dams against of list of engineering factors. Assessment factors
were grouped by types of initiating events and dam subsystems. The list of
assessment factors was developed jointly by the Huntington District team and RAC.
During the assessments, most criteria were rated for normal operating, flood and
seismic (sunny day) conditions for a Pass (meet criteria), Apparent Pass (should meet
criteria when formally evaluated), Apparent No Pass (should not meet criteria when
formally evaluated), or a No Pass (does not meet criteria). Some criteria applied only
to one or two conditions, but the overall effort was considerable in scope. In all, the
team evaluated over 2,000 entries in the collective database. The entries were then
reviewed and sorted; generating a short list of all projects with Apparent No Pass or
No Pass screenings. This short list of 18 projects is what established the basis for the
PRA proper.



Table 1. Selected Features of Huntington District High Hazard Dams
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Risk Assessment

The risk assessment portion of the PRA is an essential step needed to provide a
picture of the risks associated with the existing portfolio, the need for risk reduction,
the potential level of risk reduction for each potential remediation alternative, and the
need for additional investigations. The risk assessment provides information for
decision making using risk in lieu of deficiencies against engineering criteria or
current practice. However, this is not to say that acknowledged engineering criteria
relative to quantitative deficiencies should be ignored.

Risk assessment includes the following steps for each dam:

Failure modes identification.

Risk analysis of existing dam.

Risk evaluation of existing dam.

Risk analysis of separable construction upgrade packages.
Risk evaluation of potential remediation alternatives.

MRS

Failure modes identification is the foundation upon which the risk assessment is built,
and therefore should be carefully performed for each dam. It is also important to
minimize inconsistencies in the risk analysis of different dams, to avoid distortions in
risk comparisons and prioritizations.

The evaluation of existing dams may also lead to the identification of additional
remediation alternatives or investigations that were not identified during the
engineering assessments. The results of risk evaluation can be summarized using risk
ratings and presented alongside engineering ratings for the existing dams and
separable construction upgrade packages.

The Huntington PRA team RAC Engineers and Economists are in the process of
finalizing the risk and event trees that could lead to catastrophic failure. Specifically,
factors related to seismic failure, overtopping, failure due to embankment or
foundation piping, external stability, spillway gate reliability, consequences of
failure, human factors and warning times are all being considered.

The PRA team has identified construction projects and studies to reduce the level of
risk associated with identified deficiencies. Upon completion of the finalized risk
assessment, associated costs will be interjected for a more comprehensive
comparison.

Prioritization of Remedial Alternatives

Prioritization calculations require that estimates of risk reduction be made for each
potential remediation alternative. Since the calculated risk reduction depends upon
the sequence of implementation of the alternatives and their sequence is in turn based
on the cost effectiveness of risk reduction, these risk reduction calculations will



necessarily be iterative. Typically, risk reductions are calculated for annualized life
safety, economic/financial losses, and probability of dam failure; but they can be
calculated for different ranges of magnitude of life loss or economical/financial
losses.

The ultimate result or outcomes of the PRA will be a prioritized list of construction
activities and investigations relating to dam safety activities. However, other
identifiable products have already been realized such as:

1. A comprehensive database of engineering ratings and historical data for
all 35 Huntington District flood control projects.

2. An identified short list of 18 projects with known suspected deficiencies.

3. A work plan for identifying populations at risk and potential damages with
respect to probable maximum flood (PMF) events.

4. A work plan for identifying risk and probability factors for seismic events.

5. Probabilities of embankment failures due to piping (for 16 of 18 short
listed projects with earthen embankments).

6. The identified issue of spillway gate reliability (not previously
considered).

7. Re-assembled library of engineering reports and data.

For the first time, the Huntington District has a central database of engineering facts
and issues for each project. Some of these issues had never been formally
documented or discussed with the newer breed of engineers; therefore, the working of
the process has proven to be quite beneficial.

EARLY APPLICATION

The Huntington District has already applied PRA insights into an existing project in
the early stages of the DSA process. The issues of external stability and deficient
instrumentation at Dover Dam quickly resurfaced through the process and are being
addressed with existing funds. Dover Dam is a run-of-river concrete gravity dam
constructed in the mid 1930°s. External stability has been a concern of the project for
a considerable time period; however, the overall perspective of the PRA has assisted
the District in refocusing resources towards the stability question.

RECOMMENDATIONS AND CONCLUSIONS

Many Districts and governmental agencies are experiencing a mass exodus of
experience and institutional/technical knowledge through retirement. It is
recommended that all Districts take the first step in establishing the rating of their
respective flood control projects against established engineering criteria. Take the
time and resources to collectively assemble relevant information of the projects to
initiate discussions which would be enlightening to give perspective to the overall
DSA program.



Also, take the time and resources to emphatically emphasize the need for
reconnaissance level thinking and application. Some of our less experienced team
members were very reluctant to offer input that could be changed or refined at a later
date. Teamwork and time management can be severely hindered when the big picture
is lost, even for a fraction in time. Be consistent to keep data and judgment in
relative perspective.

The Huntington District’s application of the Portfolio Risk Assessment has already
proven to be a worthwhile venture. The District is looking forward to finalizing the
results and planning for our future.
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